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Abstract. Chromosome segregation in fertilized eggs

from triploid Pacific oysters, following inhibition of the

first polar body (FBI), was studied with acetic orcein

staining techniques. To block the release of FBI, fertil-

ized eggs were treated with 0.5 mg/1 of cytochalasin B

(CB). Four types of segregation were observed, namely,

"tripolar segregation" (54.5%), "united bipolar segrega-

tion" (12%), "separated bipolar segregation" (2. 5%), and

"incomplete united bipolar segregation" (4%). The re-

maining 23% could not be classified because of chromo-
some disorganization, but appeared to be variants of the

above. It seemed clear that the predominant pattern that

gave rise to tetraploids was united bipolar segregation,

although certain separated bipolar segregations might
also lead to the formation of tetraploids. The sequential

events of meioses observed in CB-treated eggs are de-

scribed. The asynchrony of meiotic events and possible

mechanisms for the various types of chromosome segre-

gation are discussed.

Introduction

Viable tetraploids have been produced in the Pacific

oyster. Crassostrea gigas by blocking the first polar body
(PB1 ) in eggs from triploids fertilized with haploid sperm
(Guo and Allen, 1994b). Previous studies of the effect of

blocking PB1 on subsequent chromosome segregation in

diploid eggs revealed a variety of segregation patterns
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during meiosis II, including "tripolar segregation,"

"united bipolar segregation," and "separated bipolar seg-

regation" (Guo. 1991; Guo et ai. 1992). It was hypothe-
sized that tetraploids were produced by united bipolar

segregation. If this type of segregation occurred in a trip-

loid egg, 30 chromosomes would remain in the egg, and
with an additional 10 chromosomes contributed by a

haploid sperm, tetraploidy would result (Guo, 1991).

However, this hypothesis was not supported by cytologi-

cal observations in triploid eggs themselves. Only re-

cently have observations on triploid meioses been made
(Guo and Allen. 1994a; Komaru and Wada. 1994). In

Pacific oysters, Guo and Allen (1994a) found that the

majority of fertilized eggs from triploid female X diploid

male matings (TD crosses) went through two meiotic di-

visions and released two polar bodies, as did diploid eggs.

Survivors consisted of 33% diploids. 5% triploids. and
10% tetraploids. In the tetraploid induction, when TD
crosses were treated with cytochalasin B (CB) so called

TDCBcrosses aneuploids (23%), diploids (3%), trip-

loids (3%), and mosaics (3%) were found in addition to

tetraploids (67%) at 3 months postfertilization (PF) (Guo
and Allen, 1994b). The differences in ploidy composi-
tion between TD and TDCBcrosses demonstrated that

blocking PB1 greatly changed the chromosome segrega-

tion in triploid eggs.

The objectives of this study were to reveal the pattern

of meiotic segregation in fertilized eggs from triploids fol-

lowing the inhibition of PB I, document the probable cy-

tological explanation for the production of tetraploids.

and test the hypothesis that united bipolar segregation

can occur in these zygotes.
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Materials and Methods

Triploid Pacific oysters used in this study were 2 years

old and produced by blocking the release of the second

polar body (PB2) in the fertilized eggs of diploids (Allen

el a!.. 1989). Ploidy was confirmed in all individuals by

flow cytometry prior to spawning. Gametes were ob-

tained by strip-spawning. Eggs were passed through a 60-

jum screen to remove the large tissue debris and rinsed on

a 25-/jm nytex screen. Sperm was passed through a 25-

iuin screen to remove tissue debris. All fertilization and

incubation was conducted at 24 to 26C using filtered

(2 /urn) seawater.

Two experimental groups were produced. In the first

group, fertilized eggs were allowed to develop as controls,

referred to as TD. In the second group, fertilized eggs

were treated with 0.5 mg/1 CB in 0.5% DMSO, referred

to as TDCB. Treatment with CB began at the first indi-

cation of PB 1 extrusion and lasted until about 50% of the

developing eggs exhibited PB 1 in the control. That is, the

control was used to gauge the timing of the treatment

group that was under the influence of CB. Two replicates

were conducted using different pairs of parents.

To study chromosome segregation, samples of devel-

oping zygotes were taken every 5 min until 60 min PF

and fixed with Carney's solution ( 1:3 glacial acetic acid

and absolute methanol). Fixatives were changed twice

following light centrifugation. Chromosomes were ob-

served by acetic orcein stain (Guo el ai. 1992). Briefly,

drops of fixed sample were spread on a slide, mixed with

2-3 drops of orcein stain (0.5% orcein in 60% acetic

acid), and covered with a cover glass. After 5 min, the

cover glass was pressed gently and sealed with Cytoseal

mounting medium. Slides were examined with a Nikon

Opiphot microscope. Photographs were taken with Ko-

dak Technical Pan 24 1 5 black-and-white film with speed

set at 64 ASA.

Results

Synapsis in eggs from triploid Pacific oyster was char-

acterized by the presence of a mixture of trivalents, biva-

lents, and univalents, as well as multivalents greater than

3 (Fig. 1 A). In other cases, nearly complete synapsis was

indicated by the presence of about 10 multivalents, most

appearing to be trivalents (Fig. IB). Shortly after fertil-

ization, the eggs resumed meiosis. Most eggs entered

anaphase I around 20 min PF. Generally, replicated

chromosomes (dyads) partitioned into two groups and

moved toward opposite poles (Fig. 1C). We also ob-

served that although most dyads underwent segregation

at anaphase I, others remained isolated from the two seg-

regating groups (Fig. ID). By the time anaphase I was

over, two groups of dyads had formed, each with variable

numbers of chromosomes but averaging 1 5. The periph-

eral group became condensed during telophase I (around

30-35 min PF). Up to this stage, meiotic behavior in

treated (TDCB) groups was essentially the same as in

controls. Differences between the two groups appeared
35-45 min PF. In control (TD) groups, most eggs ex-

truded the first polar body (PBI). In contrast, no polar

bodies were observed in most eggs in TDCBgroups. In

TDCB, the peripheral group of chromosomes that was

supposed to be released as PBI moved back and com-
bined with the inner group of chromosomes, ready for

meiosis II. Four typical patterns of chromosome segrega-

tion could be classified during meiosis II.

Tripolar segregation

The 30 dyads were delivered at random into three di-

vision planes in a tripolar configuration when the egg en-

tered metaphase II (about 35-40 minPF)(Fig. IE). Dur-

ing anaphase II (about 40-45 min PF), two chromatids

of each chromosome detached and moved to the two ad-

jacent poles independently (Fig. IF). Each of the three

poles received an average of 20 chromosomes from the

two adjacent groups of dyads when telophase II was

reached (about 45-50 min PF). However, the number
of chromosomes was highly variable at each pole. After

telophase II, all three groups of chromosomes became

condensed. Although observations ceased before actual

release of PB2, we suppose that the peripheral group of

chromosomes was released as PB2 and that it is likely

that PB2 sometimes contained two groups of chromo-

somes.

United bipolar segregation

The two groups of dyads from meiosis I united com-

pletely and aligned on a single division plane in a bipolar

configuration (Fig. 1G). The sister chromatids divided

and segregated to the opposite poles independently (Fig.

1H). Telophase II ended with 30 chromosomes distrib-

uted at each pole. The peripheral group became pack-

aged and compact (Fig. II) and supposedly was released

as PB2 after telophase II.

Incomplete united bipolar segregation

Dyads from meiosis I united completely and reorga-

nized on a single division plane, except for a few dyads
that were separated from the metaphase II division

plane "orphan chromosomes" (Fig. 1L). Subse-

quently, sister chromatids of dyads, which were grouped

together on the division plane, separated from each

other, moving to the poles independently. Concomi-

tantly, the sister chromatids in orphan chromosomes
also separated (Fig. 1 M). There is no evidence that chro-

matids derived from orphans moved to either pole.



16 H. QUE /:/ .11.

B

D **

At

H

K

\

M N

Figure 1. Chromosome segregation observed in fertilized eggs from triploid Pacific oysters, following

inhibition of polar body I . ( A) mix of univalents ( I ), bivalents (2). trivalents (3), and multivalents (>3 =
x)

at synapsis. (B) Nearly complete synapsis. with 9 trivalents and a bi-, univalent combination (2,1). (C-D)

Segregation at anaphase I. (E-F) Tripolar segregation. (G-I) United bipolar segregation. (J-K) Separated

bipolar segregation. (L-M) Incomplete united bipolar segregation. (N-O) Intermediate segregation.
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Rather, they remained in the area of the former meta-

phase II division plane.

Separated bipolar segregation

The two groups of dyads from meiosis 1. rather than

overlapping or uniting, entered meiosis II separately.

Each group formed a bipolar configuration and then pro-

ceeded through chromosome migration (Fig. U). At the

end of anaphase II, four groups of chromosomes were

formed (Fig. IK).

Unclassified segregation

In addition to the above four chromosome segrega-

tions, there were many intermediate segregations that

could not be classified exactly. For example, we observed

that one group of dyads from meiosis I went through
meiosis II in a manner of bipolar segregation while the

other group of dyads remained in its original state (Fig.

IN). We also found that in meiosis II, some chromo-

somes were left behind while others had already reached

the corresponding poles and had become condensed.

These aberrant and lagging chromosome movements oc-

curred in what appeared to be either tri polar or separated

bipolar configurations (Fig. 1O).

Pattern frequencies

The frequencies of the various segregation patterns

were determined at telophase II by the number of mater-

nal chromosome groups present (incomplete united bi-

polar segregation was identified by the presence of two

groups of maternal chromosomes and some isolated

chromosomes) (Table I). The majority of the treated eggs

(54.5%) went through tri polar segregation.

Discussion

Completeness of synapsis in triploid Pacific oyster var-

ied considerably, as was also found in a previous study

(Guo and Allen, 1 994a). Our observations demonstrated

that the general configurations of synapsis that Darling-

ton (1965) described in triploid organisms also exist in

triploid Pacific oysters. According to Darlington ( 1965),

trivalents, bivalents, and univalents can be found in the

same nucleus of triploid organisms. Such modalities of

chromosome pairing were also found in humans (Gos-

den el ai. 1976; Luciani el ai. 1978). Other studies in

triploid Allium sphaerocephalon revealed that only two

of each set of three homologous chromosomes partici-

pated in synapsis, the other remained unsynapsed (Loidl

and Jones, 1 986). This might be an exception to the rule

in triploid organisms. Variation in the degree of synapsis

in eggs from triploids might influence subsequent mei-

otic events following inhibition of PB1, though it was

Table I

Percentage of chromosome segregation i>iiiicrn\ />MTm//;; lcriili:ccl

c'l/i,", nl infill ml Crassostrea gigas lnllimhiK inhibition <>l I'lil
.

in ii> replicates

Chromosome segregation patterns ('';)

Replicate United Incomplete Separated Unclassitied

(/))* Tripolar hipolar united bipolar bipolar patterns

1 ( HID)
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in the interior. Finally, the two peripheral chromosome

sets would have to be released as PB2. When combined

with 10 paternal chromosomes, the zygote would then

contain a total of 40. Because the frequency of separated

bipolar segregation was low (2.5%), it is reasonable to

suppose that separated bipolar segregation accounts for

few, if any, tetraploids. The other segregation patterns

(tripolar segregation, incomplete united bipolar segrega-

tion, and unclassified patterns) would give rise to aneu-

ploids with varying chromosome compositions, but

rarely tetraploids. Overall, we conclude that united bipo-

lar segregation is the major cause for the formation of

tetraploids. Further support for this conclusion could be

obtained by observing the correspondence between the

frequency of united bipolar segregations and the percent-

age of tetraploidy across a number of replicates. These

data are unavailable in this study.

If united bipolar segregation is the principal mecha-

nism for tetraploid induction in Pacific oyster eggs, there

is an important practical implication. Tetraploids are an

important new tool in shellfish aquaculture because they

can be crossed to diploids to yield populations that are

100% triploid (Guo et /.. 1996). In turn, triploid prog-

eny are a valuable product for growers because of the

value-added benefit of their reproductive sterility (Allen,

1988). Therefore, the production of tetraploid brood-

stock for use in hatcheries will be increasingly important.

This study indicates that the high mortality among lar-

vae from spawns to make tetraploids (i.e.. 3/7 X 2n

crosses) (Guo and Allen, 1994b, and unpubl. data) is a

normal and inescapable consequence of this technique

for making tetraploids the cost of doing business. Only
about 12% of all segregations in FBI -inhibited triploid

eggs can be expected to yield tetraploid embryos and lar-

vae. The rest would consist of a few euploids and various

aneuploids, some of which will be viable (Guo and Allen,

1 994a. b). Of course, only euploids and less severe aneu-

ploids will survive through metamorphosis. Overall, the

percentage of embryos that receive viable chromosome

complements following inhibition of PB1 in triploid eggs

is small. Of particular interest is that the frequency of

united bipolar segregations observed here ( mean: 1 2%) is

almost double the frequency observed in PB1 -inhibited

diploid eggs (Guo el ai. 1992).

The patterns of chromosome segregation in eggs from

triploids, following inhibition of PB1, were similar to

those in diploid eggs following the same treatment,

which implies that similar mechanisms underlie the seg-

regation of chromosomes during meiosis II. Wespecu-

late that the behavior of centrioles is ultimately responsi-

ble for these patterns of chromosome segregation. Cen-

trioles are intimately involved in the formation of

meiotic spindles in Mytilus edit/is ( Longo and Anderson,

1969) and Spisula solidissima (Longo and Anderson,

1970). The role of centrioles in establishing multipolar

meiotic apparatuses was also suggested in a recent inves-

tigation concerning the effect of cytochalasin B during
meiotic maturation of diploid eggs from Crassoslrea #;'-

gas (Longo et a/.. 1993). In that study, inhibition of PB1

caused the formation of a tripolar spindle. The authors

suggested that the centrioles normally extruded with the

first polar body would participate in the organization of

one pole of the tripolar spindle. The other centriole, nor-

mally remaining in the egg, divided and was responsible

for the organization of two poles of the tripolar spindle.

It is likely that the same mechanism underlies the forma-

tion of tripolar configurations observed in this study.

Furthermore, the united bipolar segregation could be the

consequence of either the dysfunction of the peripheral

centrioles or the nondivision of inner centrioles; sepa-

rated bipolar segregation could arise from the division

of both the resident and peripheral centrioles. However,

these hypothetical mechanisms by which chromosomes

segregate during meiosis II following inhibition of PB1

remain to be proved in future studies.
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